Abstract-An algorithm for implementing the approximation of the leading irreducible representation of the SU (3) group is expounded for a microscopic Hamiltonian involving the potential energy of nucleonnucleon interaction. An effective Hamiltonian is constructed that reproduces the results of calculations with nucleon-nucleon potentials used in the theory of light nuclei. It is shown that, in many respects, the structure of the effective Hamiltonian is similar to the structure of the Hamiltonian of a triaxial rotor and that, for the wave functions in the Elliott scheme, one can go over to a space where linear combinations of Wigner D functions appear to be the transforms of these functions, but where their normalization requires dedicated calculations. c 2003 MAIK "Nauka/Interperiodica".
INTRODUCTION
In order to investigate the excitation spectrum of valence nucleons in light and medium-mass nuclei, Elliott [1] proposed basis states that are associated with the (λ, µ) irreducible representations of the SU (3) group and which satisfy the Pauli exclusion principle. Special attention was given to the most symmetric irreducible representations, which were referred to as leading irreducible representations. These states feature the maximum number of even nucleon pairs (having an even orbital angular momentum of the relative motion of the nucleons forming a pair, their interaction being represented by the components V 31 and V 13 of the central exchange nucleon-nucleon potential) and the minimum number of odd pairs (having an odd orbital angular momentum of the relative motion of the nucleons forming a pair, their interaction being represented by the components V 33 and V 11 ). While even components correspond to a strong attraction between nucleons, odd components correspond to repulsion, which is necessary for ensuring saturation and consistency with the observation that the nuclear volume is proportional to the number of nucleons. However, the character of nucleon-nucleon forces did not play a major role in justifying the importance of the leading representation in the Elliott scheme. The key argument here hinged upon the properties of the operator of quadrupole-quadrupole interaction chosen to sim- ulate the potential energy of nucleon systems,
Here, Q is the tensor of the mass quadrupole moment, η is a positive phenomenological parameter,Ĝ 2 is the second-order Casimir operator of the SU (3) group, andL 2 is the square of the orbital angular momentum. The eigenvalue g 2 of the operatorĜ 2 is maximal for the leading representation. As a result, we can see that, first, the operator -ηQQ has a minimum eigenvalue in the leading-representation states (this also follows from an analysis of the character of nucleon-nucleon interaction) and, second, the model reproduces the order of the first levels in the groundstate rotational band. The Elliott scheme was further developed upon the appearance of the pseudo-SU (3) model [2-4] and especially in connection with the trimming-mode problem [5] , in which case it is necessary to employ a more complicated phenomenological Hamiltonian and to refine the wave functions both for the ground states of even-even nuclei and for states to which isovector M 1 transitions occur [6] [7] [8] . Light neutron-rich nuclei, such as 9,11 Li and 10,11 Be, for which (in just the same way as for other light nuclei) calculations can be performed, without recourse to approaches involving a phenomenological Hamiltonian, by using various versions of a microscopic nucleon-nucleon potential, represent yet another possible domain of the application of the SU (3) model. Here, it proved to be possible to solve the problem of constructing an effective Hamiltonian such that (i) it is expressed in terms of the generators of the SU (3) group and (ii) its spectrum coincides with the spectrum of the 1063-7788/03/6604-0632$24.00 c 2003 MAIK "Nauka/Interperiodica" microscopic Hamiltonian and to answer the question of which of the known O(3) scalar constructions composed of the SU (3) generators must be involved in this effective Hamiltonian.
The objective of this study is to show that, in many respects, the Elliott scheme is analogous to the triaxial-rotor model. In particular, its basis states allowed by the Pauli exclusion principle and the eigenfunctions of a triaxial rotor can both be represented in the form of a superposition of Wigner D functions, although their normalization is determined by the fact that the density matrix in the Elliott scheme corresponds to a mixed state rather than a pure state, which is what we have in the case of a triaxial rotor. This conclusion is also confirmed by the structure of the effective Hamiltonian in the Elliott scheme. It has the form of a linear superposition of scalar constructions that are composed of the generators of the SU (3) group and reduces to the triaxial-rotor Hamiltonian and to integral powers of this Hamiltonian, the maximal power here increasing as the number of quanta in the valence shell grows.
We demonstrate our approach to implementing the approximation of the leading irreducible representation of the SU (3) group by taking the example of the 10 Be nucleus. In just the same way as in other microscopic calculations of the spectra of light nuclei, the nucleon-nucleon interaction is simulated by the well-known Volkov ([9]) and Minnesota ([10]) central exchange potentials in order to find out whether it is possible to reproduce, with these potentials, the energies of the observed excitations in the 10 Be nucleus. As a rule, the Elliott scheme was employed for rather simple phenomenological effective potentials. For this reason, we present here the most important details of an algorithm for a microscopic Hamiltonian that retain significance in a general case. Further, we give explicit expressions for basic scalar constructions that are composed of the generators of the SU (3) group and show that their linear superposition with arbitrary coefficients reduces to a Hamiltonian for a triaxial rotor. Finally, we determine the parameters of a phenomenological effective potential that is equivalent, in the leading-representation limit, to the microscopic potential of the nucleon-nucleon interaction.
ELLIOTT SCHEME AND TRIAXIAL ROTOR
In many respects, the Elliott scheme is similar to the theory of a rigid triaxial rotor [11] . This becomes obvious if we go over to a space where spherical Wigner functions are, as in the case of a rigid rotor, the transforms of the basis wave functions of the leading irreducible representation of the SU (3) group. A transition to this space is accomplished by constructing, for a multinucleon system, a Slater determinant that is a wave function asymmetric under permutations of nucleons-this ensures fulfillment of the requirements of the Pauli exclusion principleand which, simultaneously, appears to be an invariant quantity generating a complete basis of the leading irreducible representation. As a result, the procedure for calculating matrix elements is considerably simplified both for the operatorsLQL andLQQL, which were introduced in [12] as combinations of the generators of the SU (3) group and which have a direct algebraic interpretation, and for the operators representing the potential energies of central exchange forces and of tensor and spin-orbit nucleon-nucleon interaction and entering into the expression for the microscopic Hamiltonians.
In order to demonstrate the method for constructing the generating function in the form of a Slater determinant and a subsequent transition to the basis of the leading representation of the SU (3) group in terms of linear combinations of Wigner D functions, we consider the 10 Be nucleus as a simple example. The problem to be solved at this stage does not reduce to determining the quantum numbers of the basis states. They are known, and we only confirm the fact that our approach reproduces them correctly. Simultaneously, we determine an explicit form of basis functions, along with their normalization, which is necessary for calculating the excitation spectrum within a microscopic theory; we also derive explicit expressions for the probabilities of electromagnetic transitions between various states.
We begin by listing orbitals that we will actually use, distinguishing neutron and proton singleparticle states of the 10 Be nucleus. In doing this, we consider the minimal number of oscillatory quanta that is allowed by the Pauli exclusion principle.
Omitting the spin-isospin factors, we write two proton orbitals (s and p) in the form φ 0π (r) = 1 π 3/4 exp − r 2 2 ,
where the unit vector u is the first independent vector variable in the space where we will further construct Wigner functions. In each of the two states, φ 0 (r) and φ 1 (r), there are two protons of oppositely directed spins.
We distribute six neutrons of the 10 Be nucleus in pairs over three states:
